The numerical analysis of the twodimensional subsonic flow over a Tsentralniy Aerogidrodinamicheskey institut "B" series (TsAGI) 
I. INTRODUCTION
An extensive amount of research has been made on computational fluid dynamics (CFD) from past few decades, also due to the rapid growth in the calculating ability of the available calculating resources has made this possible. The necessity of faster and much accurate method of calculating the flow fields around configuration of technical interest has made computational fluid dynamics (CFD) a comfortable choice for designers in the field of Aerospace, Automotive and industrial components industry where fluid and gas plays a major role in gaining a higher order of efficiencies. In fluid dynamics the computer simulations features a very accurate flow in and around the various objects which are very unmanageable, financially inefficient and very tough or almost impossible to measure or visualise experimentally by conventional methods. While, developing the simulation the transition phase from laminar to turbulent plays a vital role in determination of Drag and Lift component of the Airfoil. Thus, modelling a proper turbulence model will definitely produce an accurate value of drag.
The focal point in computational fluid dynamics is to numerically solve the Navier-Stokes equations which includes the transport of mass, momentum and energy in the flow field. The standard k epsilon (k-ε) and k-omega (k-ω)is employed to determine the separation of boundary layer on TsAGI -12% Airfoil.
The initial level in modelling a problem, demands the development of the geometry of the interested body, in case of Airfoil one may import the coordinate data file of the required Airfoil, after the development of the Airfoil geometry, a domain boundary or enclosure is develop. The geometry completion further reaches a very vital stage called meshing. In meshing, the whole geometry is distributed into structured and unstructured cells, both geometry and meshing is developed with the preprocessor. The majority of the time is consecrated toward the mesh generation for the domain geometry. Mesh generation is the deciding factor between the desired accuracy and solution cost. The mesh generation is also sized and refined for a higher degree of accuracy, by increasing in the number of structured cells. After the creation of the grid rest of the mathematics works is rendered to the solver, solver is able to solve the governing equations of different turbulence models. The procedurefor solving the problem are as follows: first the modelling has to be defined and the geometry and mesh is generated in ISSN: 2348 -8360 www.internationaljournalssrg.org Page 19
per-processor, furthermore the regions has to be specified in the geometry. Then physical models are defined in the models with desired circumstances like Ncrit, Reynolds number etc. after setting up all the boundary conditions the iterations is defined, iterations is being iterated till a constant (negligibly varying) value is achieved. The last stage is converting the mathematical expressed values, into Graphs and Plots, coloured contour, streamlines, forces vectors graph were one can easily save the required values or graphs. Figure 1 provides a better illustration of the per-processing and post-processing in the Ansys 15.0. In this study the curves of lift and drag of the Airfoil is developed. The TsAGI-12% is chose because of the Airfoil has been used extensively in many Russian construction. Typical example of such use of Airfoil the Antonov, T-101, MiG-21.
II. INTRODUCTION TO TURBULENCE MODELS
-Turbulence is an irregular motion which in general makes its appearance in fluids, gaseous or liquid when they flow past solid surfaces or even when neighbouring streams of the same fluid flow past or over one another‖. This the definition of turbulence modelling developed by Taylor and Von Karman in1937 [1] .
Research on turbulence modelling has much over increased in importance over the past years and has been considered to be the key concept in the computational determination of high This model produces repellent results in the determination of the friction and pressure drag components as well as prediction of lift in the transition from laminar to turbulent flows. Before moving forward to the numerical analysis of tubule modelling, it is significant to investigate the history of it. The following history is provided by Ismail Celik With increased computer capabilities beginning in the 1960's, further development of all four of these classes of turbulence models has occurred [1] .‖
III. OVERVIEW OF THE TURBULENCE MODELS

A. The k-epsilon model
The k-epsilon model was first proposed by Harlow and Nakayama in 1968 [6] where k is the kinetic energy and epsilon is dissipation rate of turbulent kinetic energy k. this model is used for the system that affect the turbulent kinetic energy [2] . the governing equations of the model can be obtained from averaged Navier-Stokes equation for incompressible flows which describe before and it is as follows [5] :
Where u is the velocity field and p is the pressure field. If the Navier-Stokes equation is multiplied by u i and then the resulting equation is averaged the following formula can be derived:
When averaged Navier-Stokes equation was multiplied by the resultant is:
= − , so the formula take the form of: When the averaging rules are applied, the after modified can be written as:
The instantaneous kinetic energy k(t) of a turbulent flow is the sum of the mean kinetic energy, = 
The viscous stress effects on k have two parts: is the 2 transport of k because of the viscous stresses and is the viscous dissipation of the kinetic energy, k. The term ′ ′ and ′ ′ . consists of Reynolds stresses and the first one the transport of k dues to the Reynolds stresses and the second one is the total decrease of k which occurs because of deformation. In high Reynolds numbers, the transport of k and the total decrease of k are quite larger than the viscous parts of the equation [2] . 
B. Menter SST k omega model
k-omega SST model is a model to be used in the sub-layer of the boundary layer. The difference of this model from the other models is that it does not include damping functions and it is superior Wilcox k-ω model since it is more accurate. The k-ε model is the independent from the free stream values in the outer region of the boundary layer and Menter [3] used the k-ε formulation to propose the new model. The governing equation for k-omega SST model is as follows [2] :
The k-omega model also has two equations and eddy viscosity which have to be defined for CFD analysis. The formulas are as follows [3] Where, β1= 0.075 and ∆y is the distance of the centre of first cell.
C. Spalart-Allmaras
The Spalart-Allmaras model is one of the one-equation models and it includes only one transport equation for kinematic eddy viscosity parameter ν. The Spalart-Allmaras model provides promising results for external aerodynamics [2] . There has been made modifications on Spalart-Allmaras model but the baseline model will be discussed in this research. The transport equation and Reynolds stresses are as follows [7] :
Where, P is the production term, D is the wall destruction term and T is the trip term and they are given by: 
IV. COMPUTATIONAL METHOD
In this report,TsAGI -B‖ series-12% Airfoil is utilised. TsAGI operates under Ministry Of Aviation (MAP), Russia. TsAGI is situated in Moscow, Russia and responsible for the designing, research, and development of the bureau like Mikoyan, it also conducts the flight test of Aircraft. TsAGI had it's foundation in 1918 and is currently known as Central Aerohydrodynamic Institute (CAI) which is named after Prof. N.E. Zhukovsky. The TsAGI -B‖ series-12% Airfoil is symmetric; the -B‖ series indicates that it has 2.012% (f/c). The -12% indicates that the Airfoil has 12% thickness to chord length ratio; it is 12% as thick as it is long. Reynolds number for the simulations is Re=1*10 6 same with reliable experimental data provide on the TsAGI website and MH Aero Tool, Javafoil. The free stream temperature is 288.16 K, approximately same as the temperature experienced by the aircraft when flying in the upper atmosphere. The density of the air at the mentioned temperature is, ρ=1.225 kg/m 3 , and the viscosity is μ=1.7894E-05. The flow is considered incompressible at the described Reynolds number also; the ratio of specific heats is 1.4. The solver utilised is Implicit with AUSM flux type also the least square cell based gradient is employed. Courant Number of 5 is employed under-relaxation factors of 0. 
V. RESULTS AND DISCUSSION
To visualise the results and compare it with earlier experimentally performed data from reliable resources, the simulations for the different angle of attack on various turbulence models is performed. The simulations are made with a range of various angle of attack from 0 º to 19 º.
In Fluid mechanics whenever there is a relative velocity between a solid body and viscous fluid surrounding it, the body will experience a net force F. the magnitude of this force depends upon many factors such as, velocity of fluid, properties of fluid (e.g. Density, viscosity, etc.) and also on the shape and sizes of the immersed body. Due to the flow of the Fluid around the body, it establishes stresses on each element of the body surface and leads to some net force. The stresses are composed of tangential stresses due to the viscous action of fluid and normal stresses developed due to local pressure. It is found that by integrating the viscous stresses over the body surface we can obtain the contribution to the net force F. Therefore, then net force F NET can be decomposed into drag force, F D ; as the force parallel to the motion of the fluid and into lift force, F L ; the force normal to the surface of the body. For a better and sensible illustration of the results the calculated value are converted into a graph. Figure 3 is the graph of coefficient of lift against the angle of attack, computed with four turbulence model and compared with the reference data. The graph is evident that there is a linear relation between the lift coefficient and the angle of attack but this situation could be only be maintained at a low angle of attack.
ISSN: 2348 -8360 www.internationaljournalssrg.org Page 18 From the lift drag-polar it is clear that the calculated drag is higher that the experimental data. The higher value of drag is expected earlier since the actual Airfoil does not goes through a fully turbulent flow but laminar at the forward half. At 0° angle of attack the static pressure contours the pressure distribution is symmetric on the upper as well as the lower surface of Airfoil therefore, it can be concluded that the flow is symmetric and the stagnation point is same for upper surface as well as for lower surface of Airfoil. Static pressure contours at 0° is shown in figure 6 . Figure 7, 8 and 9 shows the static pressure contours at 3°, 6° and 9° with k-omega turbulence model. From the figure 7, 8 and 9 it is evident that the pressure distribution on the lower surface is higher than the pressure of the incoming flow furthermore, the upper surface has a low-pressure distribution compared to the incoming flow. Thus, it can be concluded that the higher pressure on the lower surface tends to push the Airfoil in the upper direction which combines with the literature of any fluid mechanics text would refer this phenomenon as the generation of lift, C L .
The velocity contours at angle 3°, 6° and 9° are also shown in the figure. In the given contours ( fig  10, 11 and 12 ) the leading edge stagnation point (stagnation point is the point in the flow field where the local velocity of fluid is zero) at low angle attack the stagnation point is near the leading edge and as the angle of attack increases the stagnation point starts approaching toward the trailing edge. Similarly, on the other hand the trailing edge stagnation point at the low angle of attack it establishes itself on the forward of the Airfoil and as the angle of attack increases, it starts shifting itself to the leading edge. Figure 8 , 9 and 10 shows the static pressure contours at 3°, 6° and 9° with k-omega turbulence model. From the figure 8, 9 and 10 it is evident that the pressure distribution on the lower surface is higher than the pressure of the incoming flow furthermore, the upper surface has a low-pressure distribution compared to the incoming flow. Thus, it can be concluded that the higher pressure on the lower surface tends to push the Airfoil in the upper direction which combines with the literature of any fluid mechanics text would refer this phenomenon as the generation of lift, C L .
The velocity contours at angle 3°, 6° and 9° are also shown in the figure. In the given contours (fig 11, 12  and 13 ) the leading edge stagnation point (stagnation point is the point in the flow field where the local velocity of fluid is zero) at low angle attack the stagnation point is near the leading edge and as the angle of attack increases the stagnation point starts approaching toward the trailing edge. Similarly, on the other hand the trailing edge stagnation point at the low angle of attack it establishes itself on the forward of the airfoil and as the angle of attack increases, it starts shifting itself to the leading edge. Figure10,11 and 12 shows that velocity on the upper surface of the Airfoil is much greater than the lower surface which is desirable and needed to create a higher pressure regime on the lower surface and low pressure regime on the upper surface of the Airfoil.
ISSN: 2348 -8360 www.internationaljournalssrg.org Page 27 
VI. CONCLUSION
In this paper, the simulation of TsAGI -B‖ series is shown with four different turbulence models thus, from the calculated results it can be concluded that the most appropriate turbulence model was k-ω standard, two equation model. It is also concluded that the drag coefficient is greater than the reference value. This was because the actual Airfoil experiences a laminar flow over the forward half.
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